An Experimental Analysis of Superstitious Behavior in College Males by Metzler, Nancy Alice
Central Washington University
ScholarWorks@CWU
All Master's Theses Master's Theses
1968
An Experimental Analysis of Superstitious Behavior
in College Males
Nancy Alice Metzler
Central Washington University
Follow this and additional works at: https://digitalcommons.cwu.edu/etd
Part of the Experimental Analysis of Behavior Commons
This Thesis is brought to you for free and open access by the Master's Theses at ScholarWorks@CWU. It has been accepted for inclusion in All Master's
Theses by an authorized administrator of ScholarWorks@CWU. For more information, please contact pingfu@cwu.edu.
Recommended Citation
Metzler, Nancy Alice, "An Experimental Analysis of Superstitious Behavior in College Males" (1968). All Master's Theses. 922.
https://digitalcommons.cwu.edu/etd/922
AN EXPERIMENTA:C,, ANALYSIS OF 
SUPERSTITIOUS BEHAVIOR 
IN COLLEGE MALES 
A Thesis 
Presented to 
the Graduate Faculty 
Central Washington State College 
In Partial Fulfillment 
. 
of the Requirements for the Degree 
Master of Science 
by 
Nancy Alice Metzler 
June 1968 
rs 
ii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                           APPROVED FOR THE GRADUATE FACULTY 
 
     ________________________________ 
                           Marion Harless, COMMITTEE CHAIRMAN 
 
                           _________________________________ 
                           Thomas B. Collins, Jr. 
 
                           _________________________________ 
                           Robert Hudson 
 
iii 
ACKNOWLEDGMENTS 
The author would like to express her 
thanks to her conunittee, especially Miss Mar-
ion Harless for her generous help, Dr. Thomas 
Collins for his extra help in the construction 
and repair of the apparatus, Mr. Edward Martin 
for his work on the figures, and to Dick Wisenor 
for building the apparatus. 
TABLE OF CONTENTS 
LIST OF TABLES 
LIST OF FIGURES 
CHAPTER 
I. 
II. 
III. 
IV. 
INTRODUCTION 
METHOD 
Subjects 
Apparatus 
Procedure 
Shock Group 
Reinforcement Shock Group 
Reinforcement Punishment Group 
RESULTS 
Shock Group 
Reinforcement Shock Group 
Comparison of 
Reinforcement 
the results of 
Shock Group 
Shock Group and 
Reinforcement Punishment Group 
DISCUSSION 
ABSTRACT 
REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
iv 
PAGE 
v 
vi 
1 
11 
11 
11 
12 
13 
14 
14 
16 
17 
104 
108 
109 
110 
114 
115 
v 
PAGE 
APPENDIX A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 
Fig. 83 Experimental apparatus ....•••.•..•..• 118 
INSTRUCTIONS TO SUBJECTS •.•.•••.••..••..•••.•. 119 
APPENDIX B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 
PERCENTAGE OF INCREASE OR DECREASE ON EACH 
BUTTON FOR EACH SUBJECT ..••.....•...•..••..... 121 
TABLE 
1. 
2. 
3. 
4. 
5. 
LIST OF TABLES 
Comparison of Button Pressing Rates During 
OLP with Those During LSP for SG ............•.. 
Legend Applying to Figures 1-81 ...•............ 
Percentage of Increase or Decrease on One 
or More Buttons for Each S of SG When OLP 
and LSP Were Compared ..•........••......••••... 
Percentage of Increase or Decrease on One 
or More Buttons for Each S of RSG When OLP 
and LSP Were Compared •......•..........•....••• 
Comparison of Button Pressing Rate During 
OLP With Those During LSP for RSG .••......•... 
vi 
PAGE 
19 
20 
103 
106 
107 
vii 
LIST OF FIGURES 
FIGURE PAGE 
1. Cumulative record of all responses made 
by Stlbject 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
2. Cumulative record of responses made 
during LS intervals by Subject 1 ............... 22 
3. Cumulative record of all responsesmade 
by Subject 2 . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 2 3 
4. Cumulative record of responses made 
during LS intervals by Subject 2 ............... 24 
5. Cumulative record of all responses made 
by Subject 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 5 
6. Cumulative record of responses made 
during LS intervals by Subject 3 ............... 26 
7. Cumulative record of all responses made 
by Subject 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
8. Cumulative record of responses made 
during LS intervals by Stlbject 4 ............... 28 
9. Cumulative record of all responses made 
by Subject 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 9 
10. Cumulative record of responses made 
during LS intervals by Subject 5 ............... 30 
viii 
FIGURE PAGE 
11. Cumulative record of all responses made 
by Subject 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 
12. Cumulative record of responses made 
during LS intervals by Subject 6 .............. 32 
13. Cumulative record of all responses made 
by Subject 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
14. Cumulative record of responses made 
during LS intervals by Subject 7 .............. 34 
15. Cumulative record of all responses made 
by Subject 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
16. Cumulative record of responses made 
during LS intervals by Subject 8 ............•. 36 
17. Cumulative record of all responses made 
by Subject 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 7 
18. Cumulative record of responses made 
during LS intervals by Subject 9 .............. 38 
19. Cumulative record of all responses made 
by Subject 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 9 
20. Cumulative record of responses made 
during LS intervals by Subject 10 ............. 40 
21. Cumulative record of all responses made 
by Subject 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
FIGURE 
22. Cumulative record of responses made 
during LS intervals by Subject 11 ....••.•.•..•. 
23. Cumulative record of all responses made 
ix 
PAGE 
42 
by Subject 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
24. Cumulative record of responses made 
during LS intervals by Subject 12 ..•...•.•....• 44 
25. Cumulative record of all responses made 
by Subject 13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
26. Cumulative record of responses made 
during LS intervals by Subject 13 .•....••••..•. 46 
27. Cumulative record of all responses made 
by Subject 14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 7 
28. Cumulative record of responses made 
during LS intervals by Subject 14 ..•.••....•.•. 48 
29. Cumulative record of all responses made 
by Subject 15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 
30. Cumulative record of responses made 
during LS intervals by Subject 15 .••••.••.••••. 50 
31. Cumulative record of all responses made 
by Subject 16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 
32. Cumulative record of responses made 
during LS intervals by Subject 16 ......•...••.. 52 
FIGURE 
33. 
34. 
Cumulative record of all responses made 
by Subject 17 ................................. . 
Cumulative record of responses made 
during LS intervals by Subject 17 ..••.....•.•.• 
35. Cumulative record of all responses made 
x 
PAGE 
53 
54 
by Subject 18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
36. Cumulative record of responses made 
during LS intervals by Subject 18 •.••..••.•.... 56 
37. Cumulative record of all responses made 
by Subject 19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 
38. Cumulative record of responses made 
during LS intervals by Subject 19 ....••.••...•. 58 
39. Cumulative record of all responses made 
by Subject 20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
40. Cumulative record of responses made 
during LS intervals by Subject 20 •............. 60 
41. Cumulative record of all responses made 
by Subject 21 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 
42. Cumulative record of all responses made 
by Subject 22 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
43. Cumulative record of all responses made 
by Subject 2 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 3 
xi 
FIGURE PAGE 
44. Cumulative record of all responses made 
by Subject 24 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 
45. Cumulative record of all responses made 
by Subject 25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
46. Cumulative record of all responses made 
by Subject 26 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
47. Cumulative record of all responses made 
by Subject 27 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
48. Cumulative record of all responses made 
by Subject 28 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
49. Cumulative record of all responses made 
by Subject 29 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 
50. Cumulative record of all responses made 
by Subject 30 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
51. Cumulative record of all responses made 
by Subject 31 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 
52. Cumulative record of all responses made 
by Subject 32 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 
53. Cumulative record of all responses made 
by Subject 33 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 
54. Cumulative record of all responses made 
by Subject 34 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 
xii 
FIGURE PAGE 
55. Cumulative record of all responses made 
by Subject 35 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 
56. Cumulative record of all responses made 
by Subject 36 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 
57. Cumulative record of all responses made 
by Subject 37 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 
58. Cumulative record of all responses made 
by Subject 38 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 
59. Cumulative record of all responses made 
by Subject 39 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 
60. Cumulative record of all responses made 
by Subject 40 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
61. Cumulative record of all responses made 
by Subject 41 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 
62. Cumulative record of all responses made 
by Subject 42 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82 
63. Cumulative record of all responses made 
by Subject 43 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 
64. Cumulative record of all responses made 
by Subject 44 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 
65. Cumulative record of all responses made 
by Subject 45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 
xiii 
FIGURE PAGE 
66. Cumulative record of all responses made 
by Subject 46 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 
67. Cumulative record of all responses made 
by Subject 47 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 
68. Cumulative record of all responses made 
by Subject 48 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 
69. Cumulative record of all responses made 
by Subject 49 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 
70. Cumulative record of all responses made 
by Subject 50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
71. Cumulative record of all responses made 
by Subject 51 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 
72. Cumulative record of all responses made 
by Subject 52 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 
73. Cumulative record of all responses made 
by Subject 53 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
74. Cumulative record of all responses made 
by Subject 54 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 
75. Cumulative record of all responses made 
by Subject 55 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 
76. Cumulative record of all responses made 
by Subject 56 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 
xiv 
FIGURE PAGE 
77. Cumulative record of all responses made 
by Subject 57 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 
78. Cumulative record of all responses made 
by Subject 58 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 
79. Cumulative record of all responses made 
by Subject 59 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 
80. Cumulative record of all responses made 
by Subject 60 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
81. Cumulative record of all responses made 
by Subject 61 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
82. Cumulative record of all responses made 
by Subject 62 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 
CHAPTER .I 
INTRODUCTION 
Superstition is common enough among humans that every-
one can cite examples of his friends' foolish beliefs or, 
unwittingly, can betray his own preposterous notions. 
During an electric storm, John falls asleep, confident 
that the fire he has lighted in his fireplace will protect 
him and his house from lightning. Jane is sure that a bad 
day will be changed to good if she goes home and puts on 
her underwear inside out. Mrs. Jones insists that it is 
bad luck to walk wearing only one shoe. Mary sees nothing 
absurd in her practice of tying cotton fluff on her screen 
door to keep out the flies. And she hastened to stop all 
the clocks in her house when she lost a relative, so that 
death would not strike again. 
How do these illogical ideas originate? It is prob-
able that originally two unrelated events occurred together 
by accident once, or even more than once, and it was erron-
eously assumed that one caused the other. In other words, 
a response was accidentally reinforced, and it persisted. 
The mechanics of superstitious behavior may be seen 
more clearly by looking at analogous behavior in a con-
trolled laboratory setting. 
2 
In general, a response which is reinforced is learned, 
and it makes no difference whether the reinforcement is 
presented accidentally or purposely, so long as the rein-
forcement follows the response closely in time. After the 
first pairing of response and reinforcement, only approxi-
mate temporal contiguity is necessary to maintain the re-
sponse. Since it usually takes longer for a response to 
become extinguished than it does for a response to be ac-
quired, a superstitiously learned response will tend to 
persist even though it is reinforced infrequently (Hern-
stein, 1966, Ch. 2). 
In the present experiment superstitious responses were 
defined as ones learned as a result of fortuitous rather 
than planned pairing of response and reinforcement. 
Skinner (1961) did a widely known experiment on super-
stitious behavior, in which he gave his subjects (pigeons) 
positive reinforcement (grain) at specified intervals re-
gardless of what they were doing. The subjects 11 learned 11 
such responses as bowing and walking in circles. Skinner 
found that the shorter the interval between reinforcements 
(he used a five-second interval) the more marked were the 
superstitious responses. 
In a second experiment on 11 superstitious 11 behavior, 
(Skinner and Morse, 1961) it was found that a randomly pre-
sented stimulus could become a superstitious discriminative 
stimulus. If the stimulus accidentally coincided with a 
3 
period of non-reinforcement, the bird came to respond less 
in the presence of that stimulus. The pigeon actually per-
petuated the discriminative aspect of the random stimulus by 
continuing to respond less during the time the stimulus was 
on, and, therefore, decreasing the number of reinforcements 
it got. It thus responded less and less in the presence of 
this stimulus as time went on. When a stimulus was randomly 
paired with periods of frequent reinforcement, the birds 
came to respond more frequently when the stimulus was on 
than when it was not on. 
Subjects trained to respond in the presence of a dis-
criminative stimulus often respond during S delta, the time 
the discriminative stimulus is not being presented. (Herrn-
stein, Ch. 2) concludes that the reason for the inaccurate 
responding is that S Delta has become a discriminative stim-
ulus for the onset of the stimulus signaling reinforcement 
of responses. Therefore, responding would tend to occur 
near the end of S Delta, because it has become a discrimina-
tive stimulus for a reinforcement period and, therefore, a 
conditioned reinforcer. 
Wright (1961) investigated the effect of various prob-
abilities of non-response-contingent reward on responding 
done by human subjects. He found that consistency of re-
sponding, which was defined as the repetition of any single 
button, was a positive linear function of the probability 
of reinforcement. As far as sequences of responding were 
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concerned, there was a slight difference. The highest prob-
ability of reward produced the highest rate of responding 
with a particular sequence. The lowest reward probability 
caused an intermediate rate of responding, and a low proba-
bility was associated with an intermediate rate. When a 
subject's responses were not reinforced, he normally en-
gaged in scanning or trial-and-error behavior. 
Catania and Cutts (1963) presented human subjects with 
two buttons. They were reinforced for presses on button one, 
but not for presses on button two. Responses on button two, 
however, were frequent. Since responses on button two were 
temporally close to responses on button one, they were su-
perstitiously reinforced. When the authors instituted a 
change-over delay, which temporally separated presses on the 
second button from subsequent reinforced presses on the first 
button, superstitious responding declined. 
From the preceding experimental work, it can be seen 
that a response followed by presentation of a positively re-
inforcing stimulus will be learned whether or not an experi-
menter intends it to happen. 
Since the removal of a noxious stimulus increases the 
rate of a response, it seems likely that a superstitious 
response may be acquired when a noxious stimulus is arbitra-
rily removed. This has been studied only indirectly. 
Sidman (1960) trained a shock avoidance in monkeys. 
If they pressed a bar during the time a clicker was sounded, 
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they avoided a shock. Then Sidman presented the clicker 
and followed it with an unavoidable shock. The monkeys 
pressed the bar more often when the clicker was on than when 
it was off. It could be said that they were making super-
stitious avoidance responses, since bar pressing was not 
really instrumental in avoiding the shock, although it had 
been in the past. 
In the same study, Sidman (1960) presented a condi-
tioned stimulus, a clicker, which had been paired with shock 
in the past, to monkeys who had been trained concurrently to 
press a bar to avoid shock and to pull a chain for food. He 
found that the monkeys both pulled the chain and pressed the 
bar more often when the clicker was on than when it was off. 
He concluded that this facilitation effect was due to the 
fact that in the past there had been chains of responses 
(bar-pressing and chain-pulling sequences) which had been 
reinforced by avoidance of shock, and that his monkeys were 
responding in what he called a superstitious way to the un-
avoidable shocks, since their responses did not result in 
shock avoidance. 
It is usual to find results similar to those of Sidman 
(1960). Subjects with a history of avoidance training gen-
erally respond more frequently in the presence of a stimulus 
preceding an unavoidable shock than they do otherwise (Waller 
and Waller, 1963). That responding during the stimulus pre-
ceding the unavoidable shock was not only more frequent, but 
6 
also extremely persistent and more resistant to extinction 
than concurrent avoidance and food reinforced behavior was 
found by Kelleher, Riddle and Cook (1963) and Sidman, Herrn-
stein and Conrad (1957). 
Sidman (1966, Ch. 10) has incomplete evidence which 
suggests that the more frequently shocks occur, the faster 
their effect disappears. Animals seem able to discriminate 
that the shocks are unavoidable. 
Migler (1963) did a study of self-punishing behavior 
in rats, and concluded that superstitious responses were 
probably one factor involved in such behavior. In the first 
segment of this experiment, rats were put in a box and 
trained to press a switch to avoid shock. In the box were 
two switches, of which one avoided shock and one did not. 
During the second part of the experiment, neither switch was 
connected to the shocking apparatus. Rats, however, still 
continued to press the first switch, which had avoided the 
shocks. Moreover, some of the rats pressed the second 
switch, which had at no time been effective in avoiding or 
escaping the shock. While pressing the first switch when it 
was no longer effective in avoiding the shock would most 
probably be called extinction, presses on the second lever 
were truly superstitious, since they had never been inten-
tionally reinforced in the past. 
Keehn and Chaudrey (1964) trained subjects to press 
one bar to avoid a shock. Two bars were present in the box, 
7 
and rats pressed both bars even though only one had been 
effective in postponing shocks, and continued when shocks 
were later made unavoidable. When the shock was only .05 
seconds in duration, no superstitious escape responses were 
made, because there was no time for responses to occur. 
In these studies the superstitious responses were ones 
that had been previously reinforced intentionally, or were 
very similar to those that had been reinforced. The latter 
type of responses could be considered to be a result of gen~ 
eralization rather than truly superstitious responses. The 
former could be said to be merely responses which were being 
extinguished, and not superstitious according to the defini-
tion of superstition given above. 
There are several other experiments dealing with the 
effects in inescapable shock on behavior. Overmeier and 
Seligman (1967), using rats as subjects, and Seligman, Mar-
tin and Maier (1967), using dogs as subjects, found that 
experience with unavoidable shock interfered with subsequent 
avoidance learning. The second mentioned group of experi-
menters suggest that unavoidable shock does not produce any 
expectation that a response will decrease the probability 
of a shock. Thus, animals will come to cease responding 
during both unavoidable and later avoidable shocks. The 
authors conclude that the subjects learn that shocks in cer-
tain instances are unavoidable. 
Azrin (1958) presented intense non-response-contingent 
8 
white noise to his human subjects who were responding on a 
fixed interval schedule of reinforcement. The result of 
presentations of white noise was at first an increase in 
and a loss of temporal discrimination. The increased rate 
of responses occurred at both the onset and the off set of 
the white noise. After repeated presentations, the white 
noise lost its power to disrupt ongoing behavior. 
In their experimental evaluation of anxiety, Estes and 
Skinner (1941), using rats as subjects, found that presen-
tation of a conditioned stimulus for shock would depress the 
rate of a response which had been learned by the presenta-
tion of a positively reinforcing stimulus. 
From the previous studies concerning the effect of a 
conditioned stimulus associated with shock, a tentative 
conclusion to be drawn is that the presentation of such a 
stimulus would depress the rate of response learned by pos-
itive reinforcement but increase the rate of an avoidance 
response. 
Before presenting the purpose and hypotheses of the 
present experiment, it would perhaps be helpful to define 
the concept, operations and terms which are basic to the 
study. 
An operant response is one which is controlled by its 
stimulus consequences. A response can be made to increase 
in frequency if it is followed by the presentation of a 
positively reinforcing stimulus or by the removal of a 
9 
noxious stimulus. This will be referred to as positive re-
inforcement and negative reinforcement, respectively. A 
response may be made to decrease in frequency if it is fol-
lowed by the removal of a positive reinforcer or the pre-
sentation of a noxious stimulus. This will be referred to 
as punishment. (Bijou and Baer, 1961, v. 1.) 
Bijou and Baer (1961, v. 1) define a stimulus as a 
positive reinforcer if the response which it systematically 
follows increases in frequency. If a response decreases in 
frequency when followed by a certain stimulus, then that 
stimulus is called a punishing stimulus. 
To tell whether a response has increased or decreased 
in frequency, a comparison of responding during the operant 
period and the experimental period is made. During the op-
erant period, responding is at operant level. That means 
that the response rate has not yet been manipulated exper-
imentally. The creature is responding at his natural rate, 
the rate which has not yet been effected by any experimen-
ter. 
In the present experiment, poker chips were arbitrarily 
defined as positive reinforcers. Each five poker chips were 
worth one penny; and since money normally causes increases 
in responding when it follows a response, it was assumed 
that the poker chips would be positive reinforcement. 
Electric shock was arbitrarily defined as a negative 
reinforcer in the present study, since responses followed 
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by shock generally decrease in frequency; and removal of 
shock causes the rate of the response preceding removal to 
go up. 
Presentation of electrical shock was always paired 
with a light, which preceded the shock and was terminated 
with the shock. It was assumed that after the first few 
pairings the light would come to serve as a conditioned 
stimulus for the shock. It was not assumed that the light 
would become either a positive or a negative reinforcer. 
Also investigated is whether or not a response which 
accidentally happens to be followed by a noxious stimulus 
will decrease in frequency. 
Following are the two experimental hypotheses: 
Hypothesis One: Subjects will learn a superstitious 
response when negative reinforcement, the termination of a 
noxious stimulus (three seconds of light ending with 0.5 
seconds of electric shock) is non-response-contingent and 
is presented at arbitrary intervals. 
Hypothesis Two: A response with a high rate will de-
crease when punishment which is non-response-contingent is 
presented at arbitrary intervals. Some other response will 
increase as the "punished" response decreases in frequency. 
CHAPTER II 
METHOD 
Subjects 
Subjects were 63 male college students from introduc-
tory courses. Potential Ss who had taken psychology beyond 
the introductory level were not used in the experiment. 
Only introductory psychology students who were used as Ss 
were given class credit for their participation. 
Apparatus 
The S's side of the apparatus is shown in Figure 82 in 
the Appendix. It consisted of five doorbell buttons which 
were wired to a Gerbrand 1 s six-pen recorder and which were 
mounted on a piece of plywood. Attached to the g•s fingers 
were electrodes wired to a shock controller. Separating the 
g and the E was a shield on which a 150 watt light bulb was 
mounted and in which was cut a chute for dispensing poker 
chips. 
Behind the shield on the E's side of the apparatus con-
nected to a power source, were a shock intensity control and 
a Gerbrand 1 s six-pen recorder for recording responses on 
five buttons. There were also three keys with which E con-
trolled and recorded the onset and the termination of the 
electric shock and the light, which E timed with a stop 
watch. The wall current AC variable power source which was 
used had leads to a capacitor substitution box. The level 
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of the intensity of the shock went from .001 to .5 microfer-
ads in six steps. By pushing down a control button, E could 
allow one or two pulses of electricity to pass through a S's 
fingers. 
The experiment was carried out in a small testing room 
which was free of distractions, and which contained only two 
chairs and the table holding the apparatus. 
~rocedure 
The Ss were divided into three groups. 
After the operant period, the first group, consisting 
of 20 Ss, received 45 non-response-contingent shocks. This 
group will hereafter be referred to as the Shock Group (SG). 
The treatment for the second group (20 Ss) consisted of 
(a) an operant period, (b) a reinforcement period, and (c) a 
non-response-contingent shock period. This group will be 
called the Reinforcement Shock Group (RSG). 
The third group differed from the second group only in 
that the third period was one of response-contingent shock 
(punishment). This group contained 23 Ss and will be refer-
red to as the Reinforcement Punishment Group (RPG). 
Each S was met and greeted by the E in a waiting room 
and then taken to the experimental room, where he was asked 
to sit down and read the instructions, a copy of which are 
included in Appendix 1. Then electrodes were placed on two 
fingers of the ~·s nonfavored hand. 
For all Ss the first two minutes of sessions were operant 
periods during which they were neither shocked nor rein-
forced. 
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All ~s received light-shocks {LSs), each shock pre-
ceded by a three second illumination of a 150 watt light 
bulb. During the last 0.5 seconds of illumination the shock 
was also on. The E asked each ~ if he could feel the shock, 
and whether or not it was too strong. Then E regulated the 
intensity so that the shock would be properly effective, but 
not unduly painful. Thus the intensity of shock varied from 
S to s, but began at .001 microferads. 
After the operant period, conditions varied for each of 
the three groups. 
Shock Group 
After the initial two minute operant period, ~s of this 
group received 45 non-response-contingent LSs, once in every 
20 second period. Light shocks were presented on a variable 
interval schedule. They came at 0, 5, 10, 15 or 20 seconds 
in each 20 second period. Timing of LSs was determined by 
use of a table of random numbers. The purpose of the LSG 
was to determine whether or not termination of a negative 
stimulus, LS, would superstitiously reinforce a response. 
It was also possible that some response or responses would 
be superstitiously punished if they preceded presentation of 
LS. 
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Reinforcement Shock Group 
After the two minute operant period, each S was rein-
forced for pressing button three. Reinforcement consisted 
of a poker chip which was pushed by hand through an opening 
in the upright shield on S's left. Each S received 100 re-
inforcements. Due to the slowness of nonautomatic presenta-
tion of reinforcement, Ss often responded several times per 
reinforcement. Following the reinforcement period, each S 
received 45 non-response-contingent LSs. The procedure for 
determining when the LSs were to be presented was the same 
as that used in SG. 
Subjects in this group, then, received 100 reinforce-
ments for response on button three and then 45 non-response-
contingent LSs. The purpose of this group was to observe 
the effect of non-response contingent punishment on an es-
tablished response (presses on button three). A response 
with a high rate would be more likely to occur while LS was 
on and would, therefore, be more likely to be effected by it 
than would presses on any other button. It is possible that 
responses on button three would occur at the end of the LS 
presentation and would be negatively reinforced. It is also 
possible that presses on button three would occur immediately 
before presentations of LS and would, therefore, be punished. 
Reinforcement Punishment Group 
The purpose of this group was to test whether or not 
LS could, in fact, be a negative reinforcer. 
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After the operant period, the RPG was first reinforced 
100 times with a poker chip for presses on button three. 
Next, each press on button three was followed by presenta-
tions of LS. Not every response on button three was pun-
ished, however, since each LS lasted three seconds and it 
was possible for an S to respond on button three during this 
time. 
Response-contingent LSs were presented either until the 
S had received 45 of them or until the S had ceased pressing 
button three for two minutes. 
CHAPTER III 
RESULTS 
The results of the present study are shown in the cum-
ulative records for each S. (Figures 1 to 82) There are 
40 cumulative records for the ~ in SG, two for each s. The 
first is a record of all the responses made. The total re-
sponding time on this record was divided into 20 second in-
tervals. The second cumulative record shows the number of 
responses made on each button during each LS interval for 
each S of RSG and RPG. There is only one cumulative record 
showing all responses made throughout the entire experimen-
tal period, divided into 30 second intervals. A summary 
only of the results will be presented. The results for 
each individual S can be seen by examining his cumulative 
record, but the only records discussed in the texts as ex-
amples will be those which show extreme changes. 
Whether or not a superstitious response did in fact 
occur was determined solely by examination of the cumula-
tive records. The mean number of responses on each button, 
for each period, i.e., operant level period (OLP), rein-
forcement period (RP), and LS period (LSP), and for each~. 
however, was calculated, and the percentage of increase or 
decrease determined. If it is stated that the rate of 
pressing a button increased by 25%, what is meant is that 
the rate increased 25% above the base level. For example, 
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an increase in rate from 10 to 12.5 will be considered a 25% 
increase. The percentages are intended to be used only as a 
rough guide to indicate changes, because superstitious res-
ponses are not very stable; and since patterns were imper-
manent and usually developed slowly, any measure which aver-
ages rates for the whole LSP minimizes the differences which 
do occur and for this reason is misleading. 
The patterns of responding which appeared were differ-
ent for each s. The only consistency to be found among the 
results was that there were changes in rates of pressing 
buttons when OL and LS periods were compared, (Ss of RSG and 
LS groups had changes) and that 12 ~s of LS group had a de-
crease in rate of pressing one or more buttons, while this 
occurred with only two Ss in RSG. 
Shock Group 
The purpose of SG was to discover whether or not a su-
perstitious response would be learned with removal of a 
noxious stimulus serving as negative reinforcement. It was 
predicted that the rate of pressing one or more buttons 
would increase. 
When OLP and LSP were compared, 19 of the 20 Ss showed 
some change. There was an increase in the rate of pressing 
one or more buttons, a change in the rank of the rates of 
pressing two or more buttons (for example, a button with a 
lower OL rate than some other button might have the higher 
rate than that button during LSP), or a decrease to below 
OLP rate for one or more buttons. Table 2 presents a sum-
mary of the changes which were observed. 
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Eight ~s showed a change in rank for some buttons, an 
increase in rate for one or more buttons, and a decrease in 
the rate of one or more buttons. For example, ~ 5, (Fig. 
10), increased his rate of pressing buttons four and five 
and decreased his rate of pressing the other buttons. Sub-
ject 10, {Fig. 20), did not press button five once during 
LSP. The OLP rate on button five for S 10 was approximately 
equal to the rate of the other buttons. 
Four Ss showed both a change in rank and a decrease in 
the rate of pressing one or more buttons, but there was no 
increase on any button during LSP for any of these Ss. 
The remaining seven Ss showed both a change in rank and 
an increase in the rate of one or more buttons, but no de-
creases in rates. 
The rate of pressing one or more buttons increased for 
19 Ss. For 15 of these Ss there was a rank change, and 12 
Ss decreased their rates of pressing one or more buttons. 
For Ss in SG, cumulative records were made showing the 
response rate for each of the five buttons during the time 
the LS was on, because it seems probable that LS might come 
to serve as a discriminative stimulus for a superstitious 
escape response. Thirteen of the 20 Ss had response pat-
terns that were different during the LS presentations from 
what they were during the time that LS was not on. These 
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TABLE 1 
COMPARISON OF BUTTON PRESSING 
RATES DURING OLP WITH THOSE 
DURING LSP FOR SG 
Subject 
1 a b 11 a b c 
2 a b 12 a b 
3 a c 13 a c 
4 a b c 14 a c 
5 a b c 15 a b c 
6 16 a c 
7 a b c 17 a b 
8 a b 18 a b 
9 a b c 19 a b 
10 a b c 20 a b c 
a Rate on one or more buttons increased. 
b Rate on one or more buttons increased more than 
that of another button with a higher OL rate. 
c Rate on one or more buttons decreased to below 
operant level. 
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TABLE 2 
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TABLE 3 
PERCENTAGE OF INCREASE OR DECREASE 
ON ONE OR MORE BUTTONS FOR EACH 
Increase 
0 - 25% 
25 - 50% 
50 - 100% 
100 - 150% 
150 - 200% 
200 - 250% 
250 - 300% 
Decrease 
0 - 25% 
25 - 50% 
100% 
S OF SG WHEN OLP AND 
LSP WERE COMPARED 
Subjects 
3, 13, 6, 14, 16 
2, 7, 15 
1, 4, 9, 10, 11, 
12 
17 
8 
19, 5 
9, 11, 15, 10, 14 
3, 4, 5 7, 13, 16 
10 
103 
18, 20 
104 
Ss were numbers 1, 3, 4, 5, 8, 9, 12, 13, 14, 16, 17, 18 
and 20 (Figs. 2, 6, 8, 10, 16, 18, 24, 26, 28, 32, 34, 36, 
40). Response patterns were both different and fairly con-
sistent for Ss l, 4, 5, 8, 12, 14, 16, 17 and 18 (Figs. 1, 
7, 9, 15, 23, 27, 31, 33, 35), or for nine of the 13 Ss. 
Subject 18 (Fig. 36) was particularly interesting. When LS 
was not on, he responded heavily on buttons one, two and 
three, but practically never on buttons four and five. The 
differences shown by S 18 are particularly apparent, (more 
so than with other Ss), probably because he responded at an 
unusually high rate when LS was on. 
The prediction that SG Ss would show an increase in rates 
of one or more buttons occurred in fact. That the SG Ss would 
also show a decrease in rates was not expected, but was the 
case in 12 of the 20 Ss. 
Reinforcement Shock Group 
Subjects of this group were reinforced 100 times for 
responses on button three and then presented with 45 random 
(variable interval) and unavoidable LSs. Cumulative records 
for Ss of RSG (Ss 21-40) are shown in Figures 41-60. 
The rate of responding on button three increased during 
RP for 19 of the 20 Ss. Subject 36 (Fig. 56) increased 
slightly, and to an almost equal extent his rates of res-
ponding on all buttons during RP. 
During LSP, all Ss increased their rates of responding 
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on one or more buttons over what it was during OLP. For 17 
out of 20 Ss there was a difference in the ranks of two or 
more buttons when OLP and LSP were compared. For example, 
S 37 (Fig. 57) pressed button four least of the five buttons 
during OLP, but pressed it more than any other button during 
LSP. Two Ss, numbers 28 and 32 (Figs. 48 and 52) had rates 
on one or more buttons that were slightly less during LSP 
than what they had been during OLP (Tables 4 and 5). 
It is apparent that there were some differences in 
responding when OLP and LSP are compared for 19 of the 20 
Ss. It was predicted that during LSP responses on button 
three, which had been reinforced and, therefore, would have 
the highest rate of the five buttons, would decrease, and 
responses on some other button or buttons would increase. 
In fact, during LSP no S showed a decrease in respond-
ing on button three that brought the rate to below what it 
was during operant level. The rate for S 39 (Fig. 59) on 
button three returned to operant level. Subjects 21, 22, 24, 
27 and 32 (Figs. 41, 42, 44, 47, 52) showed an increase in 
rate on button three that was smaller than 25%. Subjects 
22, 23, 26, 33, 34, 35, 37 and 38 (Figs. 42, 43, 46, 53, 54, 
55, 57 and 58) showed a lower rank for button three when OLP 
and LSP were compared. For all of these Ss except number 22, 
the rate on button three increased by more than 25%, but it 
did not increase the most of the five buttons. 
For 13 out of 20 Ss the rate for button three stayed 
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TABLE 4 
PERCENTAGE OF INCREASE OR DECREASE 
ON ONE OR MORE BUTTONS FOR EACH 
S OF RSG WHEN OLP AND LSP 
WERE COM.PARED. 
Increase Subjects 
0 - 25% 32 
25 - 50% 22, 31 
50 - 100% 21, 23, 24, 26, 27, 33 
100 - 150% 28, 38 
150 - 200% 25, 39, 40 
200 - 250% 29, 35, 36, 37 
250 - 300% 30, 34 
or more 
Decrease 
0 - 25% 32, 28 
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TABLE 5 
COMPARISON OF BUTTON PRESSING 
RATES DURING OLP WITH THOSE 
DURING LSP FOR RSG 
Subject Subject 
21 a b 31 a b 
22 a b 32 a b c 
23 a b 33 a b 
24 a b 34 a b 
25 a b 35 a b 
26 a b 36 a b 
27 a b 37 a b 
28 a b c 38 a b 
29 a 39 b 
30 a b 40 b 
a Rate on one or more buttons increased. 
b Rate on one or more buttons increased more than 
that of another button with a higher OLP rate. 
c Rate on one or more buttons decreased to below 
operant level. 
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at operant level, increased by less than 25%, or was lower 
in rank during LSP than during OLP. 
Subjects 28 and 31 (Figs. 48 and 51) showed a greater 
increase during LSP on button three than on any other but-
ton. Subjects 21, 29, 31, 32, 37, 39 and 40 (Figs. 41, 49, 
51, 52, 57 and 40) had a higher rate of responding on but-
ton three than on any other button. For Ss 21, 27 and 28, 
button three had a higher rank during LSP than during OLP. 
Altogether, the rate for button three showed the larg-
est increase, had a higher rank, or had the highest rate of 
the five buttons for nine of 20 Ss. But the rate of press-
ing button three did not ever, for any ~. fall below what it 
had been during operant level. 
Comparison of the results of Shock Group and Reinforcement 
Shock Group 
In general, Ss of RSG tended to show larger increases 
in rate of responding on one or more buttons during LSP than 
did Ss of SG (Tables 2 and 4). Eight Ss of SG had increases 
in the rate of pressing one or more buttons that were less 
than 50%. There were only three such Ss in RSG. Approx-
irnately the same number of Ss in both groups, 7 in SG and 6 
in RSG had rate increases of 50-100%. However, there were 
only three Ss in SG with increases of more than 100%, while 
there were 11 such Ss in RSG. TWO RSG Ss had unusually high 
increases. Subject 30 (Fig. 50) showed an increase of 1266% 
on one button and an increase of 2366% on another. Subject 
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34 (Fig. 54) had an increase of 384% on one button. No S in 
SG had a rate increase above 300%. 
There were decreases in the rate on one or more buttons 
to below OLP rates for 12 Ss in SG, but there were such de-
creases for only two ~s of RSG, and these were both slight. 
Chi square was calculated to see whether or not the differ-
ence in the number of decreases for the two groups was likely 
to occur by chance. Chi square was equal to 12.44 p.01. 
Reinforcement Punishment Group 
The purpose of RPG was to determine whether or not LS 
was really a negative reinforcer. After being reinforced 
100 times, responses on button three were followed by LSs. 
These responses were punished either 45 times or until the 
rate decreased to zero for two minutes, whichever came 
first. Rates on button three reached zero or very nearly 
zero for 14 of the 21 Ss of RPG. The rate of responding on 
button three fell below what it was during OLP for five of 
the remaining Ss. One of these Ss ceased to respond on all 
buttons except button three. The remaining two Ss did not 
respond less on button three during the time this button was 
being punished than they did during OLP. 
Thirty-eight of 40 Ss had some kind of change in their 
response rates during LSP, and the number of Ss with de-
creases in rates on some button or buttons was 12 in SG but 
two in RSG (Chi square equalled 12.44 with p.01). 
The LS served as a punisher for 18 of 20 Ss in RPG. 
CHAPTER IV 
DISCUSSION 
It is apparent from looking at the cumulative records 
for RPG that LS was a negative reinforcer. Since LS was a 
negative reinforcer and did have an effect on response rates 
for ~s in RPG, it seems reasonable to assume that LS caused 
the changes in rates of responding for Ss of SG and that 
reinforcement and LS interacted to bring about the changes 
seen in response rates of RPG. 
The purpose of the present experiment was to see whe-
ther or not random exposure to an aversive stimulus would 
result in the formation of superstitious responses. Thirty-
eight of the forty Ss in SG and RSG did show changes in re-
sponse rates. An aversive stimulus appears to have an effect 
on behavior whether its presentation is response contingent 
or not. But an aversive stimulus can either reinforce be-
havior which avoids or terminates it or punish behavior 
which it follows. Perhaps more interesting than the fact 
that random aversive stimulation seems to affect behavior is 
whether it tends to cause a response to increase or to de-
crease. 
It was predicted that ~s in SG would show an increase 
in rate on one or more buttons, i.e., that the termination 
of LS would serve as reinforcement. Also predicted was 
that the rate of pressing button three, which would be high 
111 
because it had been reinforced by the presentation of a pos-
itive reinforcer, would decline for~ in RSG, i.e., that 
presentation of LS would serve as punishment. 
Light shock seemed to serve both as a punisher and as 
a negative reinforcer, but the results were the opposite of 
those predicted. Subjects who had not been reinforced for 
pressing any of the five buttons tended to show decreases in 
rates (SG), while Ss who had been reinforced for pressing 
button three (RSG) tended to increase their rates of press-
ing one or more buttons, although not necessarily button three, 
and not to show decreases in rates for any of the buttons. 
The majority of the Ss of SG had patterns of responding 
which are typical of those of punishment. For an individual 
~ response rates on one or more of the five buttons, the 
"punished" buttons went down, while rates on one or more of 
the other buttons went up. It appears that Ss of SG were 
making superstitious avoidance responses that consisted of 
not making a particular response, and at the same time mak-
ing other responses instead. 
Some of the SG Ss responded differently during LS than 
when it was not on. A consistent rate of responding would 
indicate that superstitious escape responses had been formed, 
and that the onset of the light had become a discriminative 
stimulus for these responses. Some Ss of SG did respond to 
the light as a discriminative stimulus and showed "escape" 
responses. Other Ss whose responses were different in the 
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presence of the light from those without its presence did 
not show consistent response patterns. It is likely that 
for these Ss, the light had become a discriminative stimu-
lus for an avoidance response. However, no avoidance re-
sponse tried during the time the light was on was ever rein-
forced, because shock always followed the light. It may be 
that some Ss kept trying different responses, because they 
had been told that they were playing a game, and there is 
normally a way to win a game. Responses that did show an 
increase or stability probably did so, because they were be-
ing reinforced by the absence of shock. However, responses 
under the control of the light could only be accidentally 
reinforced by the termination of the shock. 
Subjects of RSG did not respond with a pattern typical 
of punishment. It seems that their pattern of higher rates 
of responding and lack of decreases in rates was caused by 
the fact that a response had been previously reinforced. 
It is probable that a high rate of responding, as well as a 
high rate of responding in particular on button three, was 
reinforced. Since Ss had a history of reinforcement for 
high rates, and since the response of increasing the rate of 
button pressing may not have extinguished, it was available 
to be superstitiously reinforced by the absence of shock. 
Since Ss of SG had not been reinforced for button pressing, 
they did not have the response of a high rate of responding 
available; and that was probably who so many more Ss of SG 
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group had decreases instead of increases in rate. 
The results shown by Ss of SG are those typical of pun-
ishment. They tend to agree with basic and general studies 
of punishment. There have been no experiments done on the 
effect of random presentation of an aversive stimulus on be-
havior that occurs at operant level, but which has not been 
explicitly reinforced. 
The results shown by RSG are analogous to those found 
by experimenters who have established an avoidance response 
and then made shock unavoidable. In both cases response 
rates tend to increase. 
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ABSTRACT 
The possibility that superstitious responses would oc-
cur when aversive stimulation was randomly presented was 
investigated. There were three groups of 20 male introduc-
tory psychology students each. The Shock Group (SG) was 
given 45 unavoidable shocks. The Reinforcement Shock Group 
{RSG) was given 100 positive reinforcements and then 45 un-
avoidable shocks. The Reinforcement Punishment Group re-
ceived 100 positive reinforcements and then 45 response 
contingent shocks and served to test the effectiveness of 
the shock as a punishing stimulus. Superstitious responses 
seemed to occur, but Ss of SG showed response patterns typ-
ical of punishment, while Ss of RSG showed increases in 
rates of responding but not decreases. It was concluded 
that superstitious responses appear to occur when aversive 
stimulation is arbitrarily introduced, but that the type of 
superstitious response occurring will be influenced by a S's 
reinforcement history. 
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INSTRUCTIONS TO SUBJECTS 
The S was greeted. Then the following was read to him: 
We would like you to take part in a game involving these 
buttons. Involved in this game will be a very mild electric 
shock. I tested it on myself and did not find it painful. 
Are you willing to take part in this study? Good. Are you 
right handed? Please give me your other hand. Use orehand 
and one finger only, and please keep playing. You may start 
pressing buttons now. 
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PERCENTAGE OF INCREASE OR DECREASE 
ON EACH BUTTON FOR EACH SUBJECT 
OPERANT PERIOD AND LSP 
ARE COMPARED 
Sl 1 6% 58 1 245% 
2 51% 2 185% 
3 49"/o 3 246% 
4 46% 4 130% 
5 7% 5 191% 
S2 1 9% S9 1 5% 
2 19% 2 25% 
3 38% 3 65% 
4 17% 4 -3% 
5 7% 5 4% 
S3 1 -24% SlO 1 36% 
2 -48% 2 71% 
3 +112% 3 52% 
4 -45% 4 65% 
5 -24% 5 Rate was 0 -100% 
S4 1 -33% Sll 1 30"/o 
2 48% 2 63% 
3 50% 3 72% 
4 70% 4 66% 
5 30% 5 None 
SS 1 -11% Sl2 1 19% 
2 -49% 2 27% 
3 -33% 3 11% 
4 196% 4 44% 
5 277% 5 39% 
S6 1 22% Sl3 1 None 
2 22% 2 29% 
3 22% 3 36% 
4 22% 4 11% 
5 22% 5 6% 
S7 1 11% Sl4 1 -17% 
2 24% 2 -22% 
3 27% 3 -12% 
4 3% 4 -6% 
5 -34% 5 -12% 
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815 1 3 9"/o 824 1 9"/o 
2 -20% 2 32% 
3 -13% 3 21% 
4 5% 4 37% 
5 No increase 5 60% 
816 1 -27% 825 1 53% 
2 3% 2 27% 
3 15% 3 100% 
4 14% 4 182% 
5 -23% 5 50% 
817 1 116% 826 1 60% 
2 42% 2 79"/o 
3 105% 3 52% 
4 192% 4 85% 
5 130% 5 60% 
818 1 8% 827 1 None 
2 52% 2 30% 
3 46% 3 72% 
4 52% 4 72% 
5 7% 5 63% 
819 1 151% 828 1 
-10% 
2 155% 2 60% 
3 185% 3 109"/o 
4 297% 4 82% 
5 170% 5 6% 
820 1 136% 829 1 140% 
2 155% 2 237% 
3 88% 3 173% 
4 84% 4 177% 
5 127% 5 144% 
821 1 69% 830 1 1266% 
2 16% 2 From rate of 0 
3 21% 3 2366% 
4 17% 4 800% 
5 61% 5 From rate of O 
822 1 6% 831 1 30% 
2 36% 2 33% 
3 17% 3 48% 
4 20% 4 25% 
5 45% 5 15% 
823 1 40% 832 1 -19"/o 
2 72% 2 No increase 
3 60% 3 9% 
4 78% 4 6% 
5 34% 5 
-9% 
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833 1 13% 
2 96% 
3 43% 
4 28% 
5 53% 
834 1 384% 
2 121% 
3 71% 
4 3% 
5 150% 
835 1 49°/o 
2 206% 
3 128% 
4 186% 
5 47% 
836 1 200% 
2 133% 
3 135% 
4 110% 
5 220% 
837 1 61% 
2 41% 
3 60% 
4 233% 
5 58% 
838 1 66% 
2 103% 
3 77% 
4 87% 
5 40% 
839 1 151% 
2 12% 
3 No increase 
4 5% 
5 103% 
840 1 171% 
2 171% 
3 75% 
4 90% 
5 171% 
